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Surgical salvage of failed radiocephalic arteriovenous fistulae: Tech-
niques and results in 29 patients. From August 1987 through February
1995 we performed 42 surgical procedures in 29 patients with occluded or
stenotic radiocephalic arteriovenous fistulae. Operations were designed to
preserve native veins for cannulation (Group I) or to preserve access in
the same forearm, bypassing the failed fistula (Group II). For 27 proce-
dures in 22 Group I patients, cumulative primary patency was 70%, 57%,
and 47% at 6, 12, and 18 months, respectively. A subgroup of patients was
identified, however, in whom excellent results could be reliably predicted.
Among 19 hemodynamically stable patients with mature fistulae amend-
able to more proximal arteriovenous anastomoses, cumulative primary
patency was 100%, 81%, and 67% at 6, 12, and 18 months, respectively.
Secondary patency for 17 such patients was 100%, 89% and 89% for these
same intervals. In Group II only two of ten patients required use of other
access sites (91⁄2, 181⁄2 months). We believe that all occluded or stenotic
radiocephalic arteriovenous fistulae should be considered for surgical
salvage. Excellent results can be predicted for (1) hemodynamically stable
patients with (2) mature fistulae that (3) fail near the arterial anastomosis
and are (4) amendable to new more proximal arteriovenous anastomoses.
With at least 115,000 patients on chronic hemodialysis in the
United States, the provision and maintenance of satisfactory
vascular access requires a major expenditure of health care
resources [1]. Access surgery is one of the most commonly
performed vascular procedures [1] and it is the most frequent
cause of hospitalization for dialysis patients [2, 3]. Associated
costs approach one half billion dollars annually [4].
In 1966 Brescia and colleagues described a technique for
creating an arteriovenous fistula based upon the radial artery and
any available forearm vein [5]. Such fistulae were designed to
provide a blood flow of 250 to 300 ml per minute in the venous
segment for use in chronic hemodialysis. This procedure rapidly
replaced the use of external shunts for patients with suitable
forearm vasculature. Even today, thirty years later, “the Cimino-
Brescia radiocephalic fistula. . . remains unquestionably the best
available form of vascular access for hemodialysis because of its
unequaled long-term patency rate and minimal complications”
[3].
Although many authors have extolled the virtues of successful
fistulae, less attention has been paid to the ones that fail,
especially those that thrombose or no longer provide adequate
flow after months or years of satisfactory function. This study
reviews our experience using surgical intervention to salvage
occluded or stenotic autologous arteriovenous fistulae.
METHODS
This is a retrospective study of 29 patients with failed (occlud-
ed) or failing (stenotic) radiocephalic arteriovenous fistulae who
underwent some type of surgical salvage procedure at the Santa
Clara Valley Medical Center, San Jose, California between Au-
gust 1987 and February 1995. Cases were located by reviewing the
operative logs of the three authors, analyzing all cases listed as
“revision of Brescia fistula.” Data were then extracted on age, sex,
date of original surgery, date of revision, nature of failure, type of
revision, primary and secondary patency of the revision and
long-term outcome of both the fistula and the patient. February
28, 1995 was arbitrarily selected as the final date for data analysis.
RESULTS
Overall there were 29 patients, 13 females and 16 males,
ranging in age from 22 to 88 years (average 54 years). For the sake
of analysis, patients were divided into two groups. Group I
included those patients in whom an attempt was made to revise
the fistula so as to permit continued cannulation of at least part of
the arterialized venous segment, using no prosthetic material or
only patches or short interposition grafts (less than 4 cm). Group
II was comprised of ten patients, seven whose fistulae were felt to
be unsalvageable because of inadequate forearm veins and three
who had failed prior salvage attempts (21⁄2, 11, and 13 months).
None of the ten had appropriate forearm vasculature for the
creation of an autologous fistulae in the other arm, our preferred
alternative to placement of any conduit graft. All were converted
to conduit grafts (either bovine arterial heterografts or polytetra-
fluoroethylene), the goal being to maintain access in the same
extremity, sparing other sites for future access procedures.
The patterns of failure leading to revision are listed in Table 1
and illustrated in Figures 1 to 4. Sixteen of the 29 fistulae had
inadequate inflow because of stenosis of the arteriovenous anas-
tomosis or of the juxta-anastomotic vein. Nine patients had
uniformly inadequate forearm veins that had never matured into
useable arterialized segments. One patient, an 88-year-old man,
was hypotensive and moribund and died a few hours after
declotting and dilation; there was probably no intrinsic problem
with his fistula, clotting occurring only because of low cardiac
output. It is interesting that only three fistulae were felt to have
failed because of strictures at sites of cannulation.
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Group I
Autologous revisions were attempted in 22 patients: 11 females
and 11 males, ages 22 to 88 years (average 54 years). The goal was
to preserve already matured venous segments for continued
cannulation, with minimal or no prosthetic material, and, if
possible, to have only a single anastomotic site. A total of 27
procedures were performed: more proximal anastomosis (N 5
13), declot/dilate stricture (6), short prosthetic graft or patch (4),
direct repair of stricture (2), venous transposition (1), and ulnar
anastomosis (1).
The most common and most successful operation, performed in
13 patients, was the creation of a new arteriovenous anastomosis
a few centimeters proximal to the original. This procedure was
possible because the most common pattern of failure was stenosis
at or near the original anastomosis (see above). Declotting and
dilation only–without more extensive revision to improve inflow
or to correct strictures–proved inadequate. Five of six times
simple declotting and dilation failed, the only exception being a
patient with a short, isolated thrombosis in the mid-portion of an
otherwise functioning fistula. Of the five failures, one patient died
the next day, two were converted to conduit grafts, and the other
two were successfully salvaged by early, more extensive revisions
(a more proximal arteriovenous anastomosis in one and a stric-
turoplasty in the other) at 5 and 14 days, respectively. Short
arterial grafts were placed only to improve inflow and were not
intended for cannulation. Two strictures, probably at cannulation
sites, were excised and re-anastomosed. Innovative procedures
were performed on two patients. In one, a 63-year-old woman, a
large vein was transposed from the dorsum of the hand and
anastomosed to the radial artery. This functioned well for 11
months. The second patient, a 36-year-old man, had poor devel-
opment of the main cephalic vein, but had a large vein coursing
along the ulnar side of the volar aspect of his forearm. This was
anastomosed to the adjacent ulnar vein and functioned well for 13
months, providing flow to several mature venous segments of the
original fistula.
Cumulative patency data for the 27 procedures performed in
Group I patients are shown in Table 2. Patency is 70% at six
months, 64% at nine months, 57% at one year, 47% at 27 months,
and 35% at 42 months. These results, although comparable to
those reported for radiologic interventions (see below), fail to
reflect the true potential for surgical salvage of these fistulae. That
is because three patients who were candidates for more proximal
anastomoses initially underwent lesser procedures (declotting
Fig. 1. Fistulogram of a 61-year-old man with stenosis of the arterial anastomosis of his Brescia fistula 13 months after creation (arrow). The long
patent dilated forearm vein shown here made him an ideal candidate for a more proximal anastomosis. The revised fistula functioned well until the
patient died 31⁄2 years later.
Table 1. Patterns of initial failure 29 patients
Pattern Group I Group II
Anastomotic or juxta-anastomotic stenosis 16 0
Inadequate vein with failure to mature 4 5
Cannulation site stricture 1 2
Hypotension 1 0
Total 22 7
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only in two, and declotting with a small arterial patch in the third).
As soon as it was evident that the initial interventions were
inadequate, the patients underwent early re-operation (at 5, 7,
and 14 days). The second operations all involved more proximal
anastomosis (two arteriovenous, one venovenous) to bypass crit-
ical strictures. All three of the secondary revisions were successful
and were still providing satisfactory access function at the close of
the study (3, 4, and 18 months later).
The above patients illustrate that in cases of fistula malfunction
secondary to anastomotic or mid-venous stenosis, revision should
consist of a more proximal anastomosis. Simple thrombectomy
with or without dilation will likely prove inadequate. If we
consider the subsequent more extensive revision (more proximal
anastomoses) as the index operations in these three cases, we are
left with 24 new anastomoses in 22 patients. Cumulative patency
for these 24 procedures is shown in Table 3, and, we feel, more
accurately represents the potential for surgical salvage of these
access systems. There is a primary patency rate of 79% at six
months, 64% at one year, 53% at 27 months, and 40% at 42
months, for each of the 24 procedures considered separately. Of
the nine failures, five were early (immediate or less than 3
months) and four were late (7, 11, 13, and 29 months). Four of the
early failures occurred in patients whose fistulae had never
developed. If these four procedures are excluded from analysis,
primary patency of the remaining 20 revisions becomes 95%, 77%,
and 64% at 6, 12, and 18 months respectively. The fifth early
failure was the hypotensive moribund patient referred to above. If
he too is excluded, the corresponding primary patency rate for 19
new anastomoses becomes 100%, 81%, 67% at these same time
intervals (Table 4). If one next considers patients rather than
procedures–and excludes the five early failures—the primary pa-
tency of new anastomoses becomes 100%, 79%, and 79% at 6, 12
and 18 months, respectively. Finally, if one considers the “best
case” situation, that is, the secondary patency of new anastomoses
in 17 non-moribund patients with developed fistulae, the results
improve to 100% at nine months, 89% at 18 months, and 71% at
42 months (Table 5).
Group II
Ten patients were converted to conduit grafts. None were
candidates for a new autologous fistula in the other arm, our
preferred alternative to any conduit graft. There were four
females and six males, ages 25 to 74 years (average 54 years). In
all cases, perhaps because the original fistula had led to some
dilation of the venous system, it was possible to isolate a suitable
antecubital vein to permit placement of a graft in the same
forearm. Seven patients had grafts placed as the initial revision
and three were failures from Group I. (The autologous revisions
had failed at 21⁄2, 11 and 13 months, respectively). Of the seven
primary conversions, six patients had never developed a useable
fistula. The seventh patient had extensive scarring of the distal 5
to 10 cm of the vein and 10 weeks earlier had undergone
“successful” urokinase therapy and balloon angioplasty; an insuf-
ficient length of vein remained for autologous revascularization
(Fig. 2). During the study period four grafts required declotting
and one was revised in the same forearm, for a total of 15
Fig. 2. One of only three patients with multiple stenoses at sites of cannulation (arrow). This Brescia failed after 41⁄2 years of use. On 8/31/93 balloon
angioplasty was initially successful, but thrombosis recurred 11/12/93. It was converted directly to a PTFE conduit, with no attempt at autologous
reconstruction, there being no satisfactory segment of arterialized vein.
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Fig. 3. Fistula that had been used for 21 months when the patient experienced high re-circulation rates (A). This angiogram shows marked narrowing
of the distal (juxta-anastomotic) vein (solid arrow), as well as a cannulation site stenosis (open arrow). (B) Angiogram following surgical creation of a
more proximal anastomosis (arrow) that by-passed both distal and forearm stenoses. The fistula was functioning well 31⁄2 months later, at the end of the
study. (In retrospect excision of the cannulation site stenosis with primary repair, combined with a new arteriovenous anastomosis 3 or 4 cm proximal
to the original would have preserved a greater length of arterialized vein for cannulation).
Fig. 4. This 61-year-old man’s original Brescia was created January 19, 1994 (A). It clotted about two weeks later after dialysis removed 3.8 liters of
fluid from the patient. The fistula was revised with a more proximal anastomosis. This angiogram, performed on June 24, 1994, shows the revised
anastomosis to be widely patent (arrowhead) and total occlusion of the main vein about 4 cm more proximal (solid arrow) after being joined by a large
collateral vein passing distally over the dorsum of the wrist (open arrow). (B) This later phase of angiogram shows the large collateral vein continuing
along the ulnar aspect of the dorsum of the forearm (arrows). Although needle placement is a bit awkward, successful dialysis has been possible for more
than one year. The collateral vein presumably developed because of failure of the main venous segment to mature.
procedures in these ten patients. The numbers are too small for
statistical analysis. Overall eight of these ten patients had success-
ful outcomes in that their grafts remained patent in the same arm
until death (N 5 1), transplantation (1), conversion to peritoneal
dialysis (1), or February 28, 1995 (the end of the study period; N 5
5). The longest patency was 18 months. The remaining two
patients were considered failures because they eventually required
grafts in their contralateral arms (at 9 and 18 months, respective-
ly).
Combined groups
The overall status of the 29 study patients as of March 1, 1995,
was as follows: six died, three elected peritoneal dialysis, two were
successfully transplanted and 18 remained on chronic hemodial-
ysis. Of the latter 18, eleven were being dialyzed via their revised
fistulae and seven via conduit grafts, all but two of which were in
the same arm as the original autologous fistula.
DISCUSSION
Because of smaller vessels and lower flows, radiocephalic
arteriovenous fistulae have a higher earlier failure rate than
conduit grafts [1, 6]. The exact rate will depend upon patient
selection, that is, whether or not the procedure is even attempted
in patients with marginal veins [7, 8]. Once established, however,
these fistulae have remarkable durability. In five large series
nearly 90% of fistulae that were patent at one year remained
patent two years later (71.8% at one year; 61.6% at three years)
[9]. It has been stated that early thrombosis of Brescia fistulae
“cannot generally be corrected” [1]. This was true in our series.
Four of the five early failures in Group I (autologous revisions)
occurred in immature fistulae. There was one exception, a 61-
year-old man whose fistula clotted three weeks after creation
following vigorous dialysis that removed more than 3 liters of
fluid. His fistula was de-clotted and re-anastomosed a few centi-
meters more proximally. It matured well and was still functional at
the end of the study. Thus, even early failures can occasionally be
salvaged, if they result from hypotension or technical problems
with the anastomosis. If a long segment of patent vein can still be
demonstrated on physical examination, re-anastomosis should be
attempted.
The first report of attempts to salvage Brescia fistulae was that
of Bone and Pomajzi in 1979, analyzing 27 operations for throm-
bosis of 21 fistulae [9]. They found simple thrombectomy to be
ineffective. Although patency was initially restored in 14 of their
first 15 patients, nine fistulae re-occluded within 30 days, and only
2 were patent at six months (22%). In their next 12 salvage
operations intraoperative angiography was utilized following
thrombectomy and revealed anatomic defects in seven cases (3
Table 2. Cumulative patency for 27 procedures designed to preserve
the native vein for cannulation in Group I patients
Interval
months
Procedures
at risk
Procedures
failing
Procedures
withdrawn
Interval
patency
Cumulative
patency
0–3 27 8 0 70 70
3–6 14 0 5 100 70
6–9 11 1 3 91 64
9–12 9 1 1 89 57
12–15 6 1 2 83 47
15–18 5 0 0 100 47
18–21 4 0 1 100 47
21–24 4 0 0 100 47
24–27 4 0 0 100 47
27–30 4 1 0 75 35
32–33 3 0 0 100 35
33–36 2 0 1 100 35
36–39 2 0 0 100 35
39–42 1 0 1 100 35
Table 3. Cumulative patency for 24 new anastomoses designed to
preserve the native vein for cannulation in Group I patients
Interval
months
Revisions
at risk
Revisions
failing
Revisions
withdrawn
Interval
patency %
Cumulative
patency %
0–3 24 5 0 79 79
3–6 14 0 5 100 79
6–9 11 1 3 91 72
9–12 9 1 1 89 64
12–15 6 1 2 83 53
15–18 5 0 0 100 53
18–21 4 0 1 100 53
21–24 4 0 0 100 53
24–27 4 0 0 100 53
27–30 4 1 0 75 40
30–33 3 0 0 100 40
33–36 2 0 1 100 40
36–39 2 0 0 100 40
39–42 1 0 1 100 40
Table 4. Cumulative patency for new anastomoses in non-moribund
patients with mature fistulae in Group I patients
Interval
months
Revisions
at risk
Revisions
failing
Revisions
withdrawn
Interval
patency %
Cumulative
patency %
0–3 19 0 0 100 100
3–6 14 0 5 100 100
6–9 11 1 3 91 91
9–12 9 1 1 89 81
12–15 6 1 2 83 67
15–18 5 0 0 100 67
19–21 4 0 1 100 67
21–24 4 0 0 100 67
24–27 4 0 0 100 67
27–30 4 1 0 75 50
30–33 3 0 0 100 50
33–36 2 0 1 100 50
36–39 2 0 0 100 50
39–42 1 0 1 100 50
Table 5. Cumulative patency (secondary) for non-moribund patients
with mature fistulae undergoing new anastomoses to preserve the native
vein for cannulation in Group I patients
Interval
months
Patients
at risk
Patients with
failing fistulae
Patients
withdrawn
Interval
patency %
Cumulative
Patency %
0–3 17 0 0 100 100
3–6 13 0 4 100 100
6–9 10 0 3 100 100
9–12 9 1 1 89 89
12–15 6 0 2 100 89
15–18 6 0 0 100 89
18–21 5 1 1 80 71
21–24 4 0 0 100 71
24–27 4 0 0 100 71
27–30 4 0 0 100 71
30–33 3 0 1 100 71
33–36 2 0 1 100 71
36–39 2 0 0 100 71
39–42 1 0 1 100 71
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pseudoaneurysms, 2 anastomotic stenoses, 2 venous run-off ste-
noses). Corrections of these lesions increased six months patency
to 70% (but only 5 fistulae were at risk at that time interval). In
1985 Palder and colleagues reported their results with 154 Brescia
fistulae [8]. Twenty-four percent failed during the first month and
were abandoned. Eighteen thrombectomies were performed on
16 developed fistulae; four were apparently revised more proxi-
mally. Two year patency was 50%, statistically the same as that for
the authors’ unrevised fistulae. They concluded that, once devel-
oped and used for hemodialysis, clotted fistulae “can usually be
salvaged.” In 1986 Kherlakian and colleagues described their
experience with 106 autogenous radiocephalic arteriovenous fis-
tulae constructed between 1977 and 1983 [6]. They listed 34
complications requiring re-operation: 12 early thrombosis, 17 late
thrombosis, 2 infections, 1 pseudoaneurysm, and 2 venous hyper-
tension. Only 7 of the 12 early failures were salvaged by simple
thrombectomy (58%). Of the 17 late thromboses, 11 were con-
verted to polytetrafluoroethylene grafts, 4 were revised more
proximally in the forearm and two underwent upper arm basilic
vein transpositions. Unfortunately, follow-up data are not pro-
vided. In 1992, unimpressed by these earlier reports, Kumpe and
Cohen stated, “Only a minority of thrombosed AVFs can be
salvaged surgically following a thrombosis. For this reason, many
surgeons recommend that salvage procedures not be attempted
on thrombosed AVF” [1].
Renewed interest in the treatment or even prevention of
Brescia fistula thrombosis came with the development and in-
creasing sophistication of interventional radiology. In 1989
Gmelin reported the use of transluminal angioplasty in poorly
functioning or occluded Brescia fistulae [10]. Excluding immature
fistulae, he achieved an 89% one month patency for stenosis and
46% for occlusions. Following two to five repeat dilations in 48%
of the patients, secondary patency at six months, one year, and two
years was 93%, 91%, and 57% for stenoses, and 80%, 50%, and
14% for occlusions, respectively. Thrombolytic agents and intralu-
minal stents have also been used in small series of patients with
excellent immediate results, but with frequent early failures
requiring repeat procedures [11, 12]. Most of these reports
concern conduit grafts rather than Brescia fistulae. Perhaps the
largest experience with the latter is that of Turmel-Rodrigues and
colleagues reported in 1993 [13]. They cited published two-year
patency rates of only 24% (primary) and 57% (secondary), for
percutaneous transluminal angioplasty of these vascular access
systems. They proposed to improve this by early detection of
stenotic lesions, repeated angioplasties, local thrombolysis, and in
selected cases, stent placement. Between July 1987 and January
1992 they treated 32 patients with “hemodynamic problems” of
their Brescia fistulae. Sixteen had poor arterial inflow and 6 had
increased venous pressure. Only four of 27 patients with stenoses
re-stenosed within six months. Primary patency rates of 62% and
40% were achieved at one and two years, respectively, with
secondary rates of 82% and 76% following multiple interventions.
About 50% of Brescia stenoses recurred after one year.
The results from our present study compare favorably with
those achieved by interventional radiologists, particularly with
regard to primary patency. This is probably in part because of the
pattern of failures we encountered. Although we had expected to
find stenotic lesions at sites of repeated cannulation, only one of
22 lesions in our autologous revisions series (Group I) was at that
location. Sixteen failures were secondary to anastomotic stenoses
or to stenosis of the vein immediately proximal to the anastomo-
sis. In these cases, if the fistula is a mature one, one is left with a
long segment of dilated, arterialized vein suitable for continued
cannulation. It is necessary only to anastomose the most periph-
eral portion of this patent segment to an adjacent artery to
re-establish adequate flow. Intimal trauma is minimal, consider-
ably less than with balloon angioplasty. It is therefore reasonable
to expect better long-term patency after surgical revision than
after transluminal angioplasty. Several other authors have also
found that the majority of stenotic lesions in Brescia fistulae occur
peripheral to the cannulation sites, thus making them candidates
for this type of surgical revision (more proximal anastomosis) [8,
9, 13–15]. Late anastomotic failures are probably not technical,
but most likely arise from turbulent flow in the juxta-anastomotic
vein, analogous to the myointimal hyperplasia that occurs at the
venous anastomoses of conduit grafts [15].
Our experience with patients in Group II (conduit grafts) is
presented primarily to emphasize the importance of making
maximal use of peripheral vasculature, saving more proximal
vessels for future access procedures. The principle of staying as
distal as possible for as long as possible has been stressed for
nearly 20 years [1, 9, 16]. We therefore routinely place our conduit
grafts in the same forearm as the failing Brescia. If the existing
Brescia is patent but slow to mature and if we feel that given more
time it is still capable of developing into a useful access system, we
will place a graft in the other arm. As discussed above, conduits
are placed only when all possibilities for autologous forearm
fistulae have been exhausted.
In summary, this is a retrospective analysis of our experience
with surgical salvage of radiocephalic fistulae that are no longer
adequate for hemodialysis because of either thrombosis or inad-
equate flow. In the past such fistulae were frequently abandoned
and replaced by conduit grafts. We found that many of these
fistulae could be successfully salvaged, preserving long dilated
arterialized segments of native vein for continued cannulation.
These segments can be used immediately, thus avoiding this need
for temporary central venous catheters. Mature fistulae that failed
because of stenosis at or near the arterial anastomosis are the
most amenable to this type of surgical revision. We found this to
be a common pattern of failure. Re-anastomosis at a more
proximal location frequently leads to long-term patency and
satisfactory function.
We conclude that all mature radiocephalic arteriovenous fistu-
lae, and selected immature ones, should be considered for salvage
whenever they malfunction or thrombose. The relative roles of
surgery and of interventional radiology are yet to be defined,
continue to evolve, and are in part institution-dependent. The two
approaches should be seen as complementary and supplementary
rather than competing. The goal is to provide the longest possible
fistula function in the most cost-effective manner. Our experience
shows that surgical salvage is particularly successful in patients
with mature fistulae that fail because of anastomotic or juxta-
anastomotic stenoses. This appears to be a common pattern of
failure for these access systems, rendering the majority of such
patients candidates for this type of surgical salvage [17].
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